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(54) ROLLING BEARING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a rolling bearing 
having a long peeling life even in the case of being used 
under a lubrication of which traction coefficient is high, and 
in which foreign matters are mixed. 

SOLUTION: As the steel material for an inner ring, a rolling 
element and an outer ring composing a rolling bearing, the 
one in which the content of carbon (C) is, by weight, 0.65 
to 1.10%, and the content of chromium (Cr) is 2.0 to 6.0% is 
used. After the formation with this steel material, 
quenching, tempering and grinding finish are executed to 
form chromium oxide films (Cr203) of 5 to 300 nm 
thickness on the track surfaces of the inner ring and the 
outer ring. In the case of being used under a lubrication of 
which traction coefficient is high, and in which water is 
mixed, the fine particles of molybdenum carbide and/or 
vanadium carbide of 50 to 300 nm particle size are 
distributed into a matrix. 
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W^-^co^ (C) <£>^M^0. I 0-0. 5 5fi 

%X'hz>tz!b, siofwwo. i om*%*?s-ei} 

±f2^^+^(CI^#f>n^V\ ^ (C) <D^ 

&mmi<^tiiib#rmJjuT.m i &.m£Kz>^ ta^, s i 

^mtfO. 6 0M*%£jg;lTt>iy?4^nitt/^#ib 

Lfc#SoT, S*CO^W*iiO. 10tt*%J^±l. 4 

[0 0 3 6] #389114**:, fczJS 9 tti£&*j£i-3rt 

14, (C) 00-^*^0. 1011%H±0. 5 5 

il%6tTtfc t) , ? p A (C r ) CD^sM* 5 . OS 
i%»±14. OliyoHTT'fc^ ^y^'xV (M 
o) £0. 5fift%W.h4. Ofiiyo^TO^^T-iJ 

it;/*fcii^t^^ (V) £0. 3fift%a±2. 

o aftroWTo-t^T-^tf mmmx'tetfL $ & 30 

0 0 nm&LTX*hZ>*l) ^f^^lt^XXf/Uti^ 
*s*J, g£*fcttgK£fc&<o*Bi&3f§«£!SS0. 7fi 

5 fr«%w± 5 0 «cM%wT-e& 9 , msftcfiiiffifc 

itf/J fcf4fcifj{fc<Di|teiJjffi(.I 5 n m«i3 0 OnmPj 

[oo3 7] r©(E*s9«is^j:iiHr, mmmmtw®. 

/^fcliteWffijC^ftfc^DA^tM (Cr 2 o 3 ) a* 

y ^T f >^'f[iti*5j;L» ? /'ifc(4/^v ; >>A©aa^^ii 
mm^f-AK &AL£obi-z*mzwm-r?>o mic4 

t> . h7^-/a < LTV^fl^TT 
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[0038] z<Dfflat£mkmL*<D&mtti6iT&<D%m 
mirzmmm+x-m&zthtzMi^mfmm-i. -?hv -y 

2 fcfct) 1 0f@J^±©fi|-a-T*#:ffii-5J; 5(C, v h!i y 

[00 3 9] /cfc'L, r ©eas 9 tt^T'14, * y yf> 
SHfcfcis 4 tf/* tz (4/^-7- 5? •> J^fcitfaiDWmsL* <D®. 
'&<Dmffl*:5 0 nmU±5 0 0 nmKTttS. 

0 0 nm£j@x.-Cfc 5 0 0 nmUTX'htld, iiiSO* 
[0 0 4 0] r<75te^(9#^|rj;ix{4, $)LJi#C0 

^FM25 5 0 1 1- 5 r t IZ 4 

teTSr, -^hy 5'^^4>lc5r*L-CV^Hflte ; ey 

mtvo& 4 t>*/* fci4/-<-7- v !7 &mm<D»mm-T-ic 4 

[00 41 life, rwteasflttgictstf-s, {£ffl-f-5 

titfflMD^rV (Mo) 0^^*<DPS^SEt3(4tl 
TCOii>9T'fc<9, /^v?!>A (V) W^W^fiORB^a* 
(4SftiEi:|5]«T-foS„ 

[Mo : 0. 5-4. Oli%] itia!(D4 5(C, ^!J7' 
r> (Mo) 14, «c«i#MLWt«StSrf*-§--*-5ii: 

tic, ^^^^Lx^y^xv^tj^M-rsTc* 

T*fo5o ffiffit5ft»ffl l 1 ] (?)K$ (C) 

0 . 2 5-0. 5 5 Sfi%CO«-^(C{4, fe^^S 5 0 n m 

«±5 00n m£ITT'fc5»<£t y y'^vmUmL* 

MoCtWfcl. lfi*%W±i:i--5ri:^jtf*L 

[0 0 4 2] /cfft, ffilt5»WtOKI (C) 
(D^mmfrO. 10-0. 2 0S4%»«-^IC(4, ^ 

y ^x^^bti^owtBicj; ovhy^^^i 1 ® 

C«ffidSffi<45«lSllw*)5 0 r.nSr»*J-*-Sfc*, M 
o©*W*Srl. lll%4n'M< («x.tf0. 5 
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5 0 Ctl?>ro^^%lSLT, rw«g^9ttS (C : 0. 
10-0. 5 511%) "Cfi, ttffli-SWWtW*©* 
y^'x^ (Mo) O£«-*«r0. 5fi4%^±4. Ofi 

[0043] til©;^^, dcofe^ttiSrldiix 

^S»»T-C©*llf[|sWi»*sS< fcS. 
[0 0 4 4] 

mm<Dmmmm) cut, *&w<Dmmm\zr>\,^x 
imimmmm'] *i\ <o , g§ (so , ^ 

>#> (Mn) , isiU^nA (Cr) SrTffi©* 1 Id 
^i - *^** T'^U y> (P) J3±t«t 

H (S) (D-^#^(4 0. 0 2aft%WTT'fc»? 
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* (O) co-a-flr^ttO. 00 1 Oir/oKK'fcO, 

t>m (Fe) T-$>5,m^co^»ww^fflv\ asanas 

(J I S£.#6 2 0 6: W£6 2mm, rtl30mm, 
il6mm) ©rtfltiJ; WSW L 1t a 

[0 0 4 5] fcld, ffM§ti7t^^J;t>*^«ld*tL 
T, filAil,, jK#MLSrffi1"- tldj;^^ SffiOffiS 

(hrc) t3£Wm*-7-7-ts( hm (vR ) SrTfSW 
SI 1 Id^-Tftld Lfc„ Rid, T/U5^tS5*fc(4CB 
NI&5&ffll,\ iSJiilHllH-C'^iiffiSrPSiPX-rS^tld 
10 £<5, «Ljfffi(Oifi$SrO. 01~0. 04/imRatL 
fc 0 r©Wa*PXmidDliIffild^$jxTV^^ a 
ftJH (Cr, 0 3 ) SrS'J^Lfco *r£>fIS:TSE©S 1 Id 

[0 0 4 6] 
[*1] 



3& * 







C 


Si 


Mn 


Cr 


Cr a OJI(nm) 


HRC 


yR(%) 




l 


0.65 


0.60 


0.31 


! 6.0 


300 


63 


10 




2 


0.84 


0.23 


0.61 


5.1 


225 


60 


13 




3 


0.79 


0.38 


1.5 


3.5 


175 


58 


0 




4 


1.10 


0.05 


0.45 


2.0 


5 


63 


! 9 




5 


0 92 


0.25 


0.2 


4.3 


87 


59 


4 




6 


1.05 


0.47 


0.45 


2.6 


13 


63 


10 




7 


0.69 


0.33 


0.32 


3.5 


20 


62 


25 




8 


0.81 


0.41 


0.49 


4.9 


79 


61 


15 




9 


0.95 


0.33 


0.29 


5.7 


200 


60 


20 




1 


0.93 


0.34 


0.41 


X£ 


1 


62 


8 


It 


2 


1-24 


0.25 


0.43 


2.9 


10 


65 


11 




3 


0,59 


0.31 


0.22 


3.8 


15 


56 


5 




4 


0.88 


0.02 


0.89 


4.0 


4 


60 


9 




5 


0.76 : 


0.58 


SJ>? 


2.0 


2 


62 


12 




6 


0.95 


0.31 


0.42 


3.4 


500 


60 


10 



[0 0 4 7] mhfot LTI2, il^^BA«|§H2i 
(SUJ 2) |di0tt@3/8-<>^«>3ES:Jf5figL, ft 
AH, «5#ML£ite-rd iridic S?®cDg!£ (HRC) 
£6 2 Id, T)m-*-*7~r4 hi; (?R ) Sri QWm% 
Id, tdilSroffl^^O. 0 0 3~0. 0 10/jmRald 
LfctWSrffl^fco d(Di5ldL-C#P)ixfcl^«t5<tO f 
*Mt (H»Jl~9*5<tWt^Jl~6) £, ±$<£>IS 



ttttT h 7 * -> 3 V ^ffl»T-e©*J«5tMi>*:8i 

[004 8] <E*s 9 MS 1 !fls» 9 tttt 6 

fltz^ : y>^2(D±W-t, Id) 3 <D»ffig|5 3 \ ^<DU 

X*5i>mWi&tlX^?> c *&JB3yX/U5(dl4 N Ef 6 1 
2rilLT»^>^ 6^P>P?t»^tti^$^5J;5ld/j:o 

-C^S. llV^lt4rtld^*,fcrSm?!fll4«?6 < i : 6 2*»?> 



titfy-? 6ldjK$ft5J; 9ld^oTV5„ ffi1f6 1©± 
ffiffljldfi, rS-?tffl'f , cD^£&<3l&< 7^/1^-6 3# 
St«9WPjlx5«J: 9(dftoTl^3 0 11^4© 

[004 9] aflHfttUTtt, 2HffiK*««rfflv*T 4 
40 HiiS 4 . lm/s, t^!)f5 %»^T'»J^ Lfc* 
*F7^->3^t (^) ^ 4 0 < CT*0. 09, 10 
OtT'O. 0 7-C'fctK OtT'3 0. 8cS 

t, lOOtt'5. 3 1 c S tT-£>£rfiJi£C9 h7^->a 
^**rfflV^. WIWRfSF r 5 8 0 k g f 

(J IS«ftWP/C = 0. 3) , WRSAlOO 
t, @iKiiS3 9 0 0 r pm, ftf&HJiE i Lfc„ 

[0 0 5 0] 5tef\ 6Biiil Sly h>-Hd, 

S!$3J5Hv 5 3 0f&ot^$AS4 4~7 4 /i mX*fc 
5*^— /uf— X&0. 0 1 gA2xT, 7^/^-6 3 
50 SriiS-fld, Hv^S*t4rt<o<B*S9«iSi|dJft^>^6 
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[00 5 1] rroneftft^bte^OttSi SrSt9 
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♦ SI"**:. «-KJ|0!|j3j;l^Jt|55^Ji:«bi ofloMkfflttS: 
to 0 5 2] mfc*^\8rLtim-&ia-±'t(Dm&-£T'<D® 

fcmm&mffitifm mmm^) t Ltz. tmrn^^ 1 6 

0*m-e*>&1tlt>2 0 0B*|B]*-CWRSrfT<»\ 2 008$ 

cxi^zfri? ofrzm^x. mmmm*2 0 ostrflt l 

[0 0 5 3J 
Uft2] 







L10(hr) 








1 


165 


3/10ftifitt<9 






2 


176 








3 


184 


5/lO*Mfttt<9 






4 


169 


3/10rt«*te<9 




w 


5 


198 


4/10*HMt<9 






6 


171 


3/lOrt(ft*<0 






7 


200 








8 


200 








9 


200 








1 


27 


10/10f*3|fcte<fl 




it 


2 


55 


iO/10rt*M6tt<9 




« 


3 


26 


10/10F*j*H>#li<i9 






4 


39 


lo/ioft^teo 






5 


41 


' io/iortfSii<9 






6 


63 


10/10P^2<>) 





[00 54] ;©^?,»MJ:9i:, HJfe#iji~6 
14, Lfi«-iH«*4^«f^W«ElliCfc «3 , 5 n 
mJW± 3 0 0 n mtXTW o ^^tig^W-f 5 

*, VOm 1 ~ 6 J: 9 f>*L < If ffttRtfJI < ft o fc c 
LA»Lfc#b, hS^l 5<$*B%*yit 

T'fe5fc*> 1 0fi(O^^<O5*)2~5flilcSlJ(i^ 
CtV^ 40 
[0 0 5 5] rtt'P>©9*>3ll£0!l3, 514, ?uj±mt 
mom&tfftt. L^ffSM (2 0 nm£Lk2 0 0 nmH 

»*LV^tfiffl*»6^n5Hat«l, 2, 4, 6«t9t>H 
•##« 5 *<4ofc 0 3lJ£#i|l, 2, 4, 6lro 

mmz, 5(co^ti4, ftmfim\ztom&$L*&&b 
■rspjii^cT^fco 50 



[00 5 6] Htt«R| 7 ~ 9 I4, LfcttflBtW*S*« 
K»i5lll-$,t), S^2 0nm&i2 0 0 nmRW 

W±2 5fom%UTX'h£tztb. ^iW2 0 0B#ffl 
<«<<tofc c 

[0 0 5 7] JttfctfO 1 (4, ftffl Lfc^flWWrt 5 *^© 

rtfc*, ffis$r B i^tSi^© i / 6 1 1< /j: 9 , io 

ffl»t*^ft:w^:T(c:fiJfi^± CTV>fc 0 *J**sfe Ctz(H 
[0 0 5 8] Jt«« 2 (4, 9 o ASMtRtt 1 0 n mT'fe 
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[0059] Jt^j4 ffiffl Ltzmmm4(D S i 

^©fiJS^fflx^tif;:,, Z<Dtztb, >/ubmwi&<0 10 

[0 0 6 0] Jt««fij6 ffiffl LfiftSWm*^© 
Sffcfc*, ^DAfM©EM<iot, ^dai 20 

it&mtm&*&m<oimiz»> y . Mscfj 5 n m 

W±3 0 0 n mtlTW^ o Aiftl^tt 5 fcWT'fctl 
h 7 * -> 3 v««^iS5^ffl7&T-C©*JK5lF^*fi< T?# 

9 ^«ixTfiJ«^^^ t < ft < T*# S £ t 30 



2000-2821 78 
18 

(Mn) . (Cr) , Jo J: LI 5 * D 7 7 > 

(Mo) . *1r*?*;J* (V) SrTE«>* 3 {i*-*-*** 

* (S*%) !/> <P) *5«fct«iltSS (S) © 
^$(40. 0 2li%BTT**ot, St* (O) 

ftmao. ooioit%eiTffe*). (f 
e) x-*>z>mi$.<D&mf¥r*m\ mm^.m% a i s 

a R D #6 2 0 6: fl-&6 2 mm, rti3 0 mm, tg 1 6 m 
m) <7)rt^JoJ;^«SrffMLfc 0 
[00 6 1 ] 4*S, Jttfcttl 56WHcok>T»4» SltfO 
SBf, *aMt»H*[T*l 1 0 0-1 2 5 0°C!C$:frf 

fdJ:*), 3SE©S8£ (HRC) JoitWRe^-^x^-f h 

• (yR ) &TnZCDm3{Cfjk-tm^Ltz 0 tfctiEM i 5 (c 

[0 0 6 2] fcfc, T/U$+^®5*fc(4CBNJS^^ 
iIE©a§Sr0. 0 1~0. 04 (I mRaiLf; o C© 
(Cr* Oa ) SrSiJ^Lfc, *©ffi&T3E0>&3j;:0H: 
*J J: 15/* tz -y <y J*mkta<DWM6L : 1-& 

[0 0 6 3] 
[«3] 







i 


fc¥l*# (%) 




Mo,V 


HRC 


yR 
(%) 






C 


Si 


Mn 


Cr 


Mo 


V 






11 


0.82 


0.10 


0.31 


4.0 


4.0 


1.2 


5 


300 


61 


0 




12 


0.90 


0.60 


0.25 


5.1 




2.0 


134 


235 


\ 58 


0 




13 


0.62 


0.25 


0.48 


7.2 


2.2 




98 


68 


60 


0 


* 


14 


0.78 


0.23 


0.35 


8.0 




0.5 


106 


106 


61 


8 


m 


15 


0.65 


0.43 


0.61 


5.0 


1.1 




24 


250 


58 


12 


16 


0.55 


0.55 


1.50 


9.0 


1.3 


0.5 


300 


50 


58 


8 




17 


0.72 


0.21 


0.35 


7.5 


1.4 


1.5 


200 


143 


62 


15 




18 


0.61 


0.35 


0.40 


6.9 




0.3 


8 


59 


59 


11 




19 


0.77 


0.33 


0.29 


5.8 


3.0 




67 


185 


63 


9 




11 


0.93 


0.32 


0.41 


i£ 


SJL 




1 


810 


61 


10 




12 




0.21 


0.35 


5.1 


1.5 


1.0 


51 


155 


JS5 


§ 


« 


13 


1.25 


0.33 


0.18 


4.9 




0.5 


25 


79 


65 


15 


en 


14 


0.80 


0.42 


0.70 


8.0 






105 


500 


62 


8 




15 


0.65 


0.34 


0.15 


2.0 






2 




58 


9 




16 


0.88 


0.32 


0.43 


1.4 




0.7 


X 


275 


59 


11 



[0 0 6 4] &mi$tLxa, mm.m? DA(isa2i An, itn^tetrtci^ tmvmsL (hro 

(SUJ 2) ti9ES3/8>f >^©3ES:»^U * 50 ?r 6 3 SS*-^^^ hS (yR ) S* 1 0fls^% 
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fliIEWffl$?rO. 003-0. OlO^mRal: 
(3§i£#!l 1 1 ~ 1 9*3it>'J-t^i) 11-16) 

mm Ltzm 1 ©siti:* 9 frw-c, h7^-> 3 
-45 ss < fctmA z titzmm rxommm^ &m^z>u.m 

to o 6 5] mmmt L-04, 2nw\m.mm*m^x, 

*:h7^y3>#t (/i) #\ 4 0°CT'0. 0 9, 10 
0°CT'0. 0 7T'fcl9, IM&griU 0°CT*3 0. 8cS 
t, lOOtt'5. 31cStffc5*©F7i>->3 

>«*ffli-^„ r <Dmmmic*.m*& 5&m%&& Ltz 

10 0 6 6] ^^#(4, S*i3t$fSF r 5 8 0 k g f . > 
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* (J I SSt&T'«P/C = 0. 3) , K&r&gl 0 0 
t, ®mm%3 9 OOrpra, F^fllHlfei: L/c, ?fi^> 

ifeWfc.tt/Jt^Jt'b 1 OfiCD^fflttlStCOV^TrcD 

[0 0 6 7] P:^^f»rLf-«^-!ci±^(DB#fi^-t'W(iJ 
10 teHt^^Sffi^ (fi|gt#^) tLfc. f+^*^^i 6 
0BfP^T'fc5fc<6 2 0 0B#r^ST^SrffV\ 2 0 0B$ 

zx^^frt'ofr&m^x, wm^r^2 o ou^i l 
fc„ mtro^ms:Tfeo*4(c^-r 0 

[0 0 6 8] 
[H4] 





L10(hr) 








11 


155 


3/10rt«frtt<9 






12 


200 








13 


200 








14 


200 






n 


15 


200 








1$ 


143 


3/10f*i»il±<!> 






17 


200 








18 


125 








19 


200 








11 


25 


10/10f*j(£l*<«9 






12 


20 


io/iort<6te<i9 




e 


13 


49 


lo/iorttfcte^ 






14 


50 


10/10rttett<9 






15 


31 


10/I0f*3»^<*9 






16 


53 


io/io^«itf:<*> 





[0 0 6 9] Z<Dm>tbftfrZ>£ HJS^iJ 1 1 ~ 1 

nmHl3 0 0 n m^TCD^ n M.mtm$:ftirZ> 1 1 <b 
IC, i&S 5 0 n 3 0 0 n m£XT<DM n fiHttyoioj; 

L TV •> -5;: JtUfffill 1~1 6 tit^LXmL< 

[0 0 7 0] HJ£0iJl 2~1 5, 17, 1911 

^DA^-ft;8IWJ¥$^2 0nmW±2 0 0nmaT 

fe^^S 5 0 n mliLh 2 5 0 n mUT LV ^© 

IS) Xh&tzlb, U.mtif?3fr2 0 OBtP^SillLTt), 

i ojacot^^co^xiciiJii^^cTv^/.e^ofc,, -Tft 



[oo7ii rtii^Lt, mmmi i, h, 

WffiB#Pfl (L l 0##) 14, Jttfc0ijl i~i 6j;»)lif 

ixi$. mMteftmcMtpLxmtkL. iof@^3fitc 
ft%m&M(DmM.fr$LCx^tz 0 mmfctk ctzftt 

m.mtt>mw-£titz 0 z\<D&m$. ? a j±mtm<vm£ 

^tltlSsWAtv^ (#*Li^ttffl*»e>^Hii) 
^>»]12~15, 17, 1 9 iritlS LT*3?lftA 

[00 7 2] H»J 1 6 T'tt, ilJKttrtlll^f LT^ 



(12) 

21 

mm^±ct^mwtm<D $ ? oai^is Ltz t r 5, 

tlS) i^-C&T^ofcCt , J§J£0iJl 2-15, 
17, 1 9tJt^LT7K»«AiSii;^U!^/h^</ ;£ ofc 

[0 0 7 3] MMMl 8Tii, 1 0fi^2jl(C^t^^ 

^**^o. 3 *^f>litt^t 

Tk&AmmTx-ftfttemmnmm ibtuc 7^0 tztz * t 

[00 74] \mm 1 1 It, ffiffl Lfc««tt^^^B^ 

^»^t5s^#v\ tntztb. im$fmmw-mfii<D 1 

/6tS<^tl, 1 OiB^^co^-CfcfiJBtTS^CX 

£t>^6&«^b/«tS.£;}x7i 0 20 
[0 0 7 5] ttiKfliJ 1 2 T'fi. ^ u Amimit 5 1 n m 

frmmvmz (hrcssi tttv* mmfc 

S< fto/c \mm 1 3 Tii, 2 n AgHbSl!4 2 5 n m 
[0 0 7 6] ttm&l 1 4 T'li, * a AftftMtt 1 0 5 n 

[0077] jt«09 i 5 -ettu * y yfi/io xu^-r v 
v&M^tizh^Lfo^mffittm&mi^tztzito, z 

[0 0 7 8] itm&n 6-CI4, '<i-i?<?J*6M£V0<Dffitii 

iz£&7km»&%ftm\tmbtitzi)\ ? u &mfcm<Dm& 
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t) . S&griS 5 0 n ml^J: 3 0 0 n m 
t>(C, ©lilffii^ff^ 5 nmfcli3 0 0 nm£XT<D? 

msmimmi mm to , mm (s i) , 

(Mn) . ^Di (Cr) . *5<t0«^ey 
(Mo) , /<-ti/?A (V) SrTIE©S5Jc^i-#-^W 
« (fift%) T'^U y> (P) fcitmH (S) © 
^**J±o. 0 2ii%OTT*feot, (o) oy& 

%mito. oo i omm%uTxh<9 , mmm (f 

e) -C*>5fflfig©tt«!«!^S:ffl^. &*ft£M£ (J I S 
p B a#6 2 0 6: 6 2mm, ^3 0mm, il 6m 
m) OrtifciWftlrfMLfc, t£js* itmi2 1 U 

^i>tu, mtt<D®mx\ mmit&mnxi 1 oo 

-1 2 5 0 *C(C«£H- 5® ftttteS&tT 5 r i X V , 
■v h y s/^cplCMo, V^tftOtSUBSt^f- Srtlffctl • # 

[0 0 7 9] it|SE^j2 l^fdo^Tii, r£g8 

8 0~9 6 0°C, KfR®^ + 3c>y y^^ + TV* 
=-T^"^CD#|HftT" 5-10 B$^Ma-f-5Sj^^bM 

?aS 8 4 0-1 0 5 0°CIZ 0 . 5-1 B#KAPfi Lfctf 
1C JftfifeA^SrtTofco A^^TfSgl 6 0-2 

o o °c ic 2 b#m^ l (cftip-r 5 itiuffo 

fif^-f, 8 4 0 0 CT"CO^Atlio<tt/l 8 0 o CT*»jK#M 
L<D&%ftitz 0 

[0080] z\tih<Dmtmic£ox. mm<vm% (h 
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